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THEORIES OF IIBEIIRNATION 

ANDREW T. RASMUSSEN 

CORNELL UNIVERSITY 

AN examination of the literature on almost any par- 
ticular natural phenomenon often reveals the fact that 
many different theories have been advanced to explain it. 
Some of these explanations may be mere opinions based 
upon no or but few scientific facts. One is also frequently 
struck with the immense literature that has been produced 
and the great gap that still intervenes between the ac- 
cumlulated facts and a clear understanding of the proc- 
esses which they aim to elucidate, even after more than 
a hundred years of experimental work, which has usually 
been preceded by a much longer period of speculation by 
the great thinkers of the past. So that while we con- 
gratulate the last few generations upon the rapid gro wth 
that has been made in scientific knowledge, there yet re- 
main phenomena that are almost as unintelligible to-day 
as they were a hundred years ago-the most earnest and 
often tedious experimentation and observations of sev- 
eral generations having shed but little light on the fac- 
tors and mechanism involved. 

The extremely interesting faet of hibernation (called 
"WTXinterschlaf' b y the Germans, " sommteil hivernal ' by 
the French and "letargo " by the Italians) illustrates well 
the above point. As is well known, during this dormant 
state the vital processes are greatly reduced. The changes 
that occur are especially marked in certain mammals, 
since they apparently undergo a rather sudden transfor- 
mation from the warm-blooded (homoiothermal) type to 
the cold-blooded (poikilothermal) type. In the latter 
state such mammals are able to endure cold, deprivation 
of food, confined air, effects of many drugs, and other 
conditions that would be fatal at other times. Naturally 
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such profound physiological changes, in somie respects 
almost as striking as the latent vitality of the seeds of 
plants and the spores of lo wer organisms, has aroused the 
attention of a great many observers. In fact, the liter- 
attire on hibernation dates back to the timie of Aristotle 
(384-322 B.C.), though real experimental work for the 
purpose of understanding the na ture and ica-use of this 
torpid state, cominiencecd with Conrad Gessner' (1551). 
Fromn that date to the present there has accumulated a 
vast amount of data, the bibliography of which is now 
very accessible, due to the extensive works of Raphael 
Dubois,2 published in 1896, and of Osvaldo Polimanti,3 
published in 1912. - 

As the exciting cause of so-called winter-sleep, cold has 
naturally received by far the greatest share of attention. 
A rapid survey of the subject shows that much difference 
of opinion has existed in regard to the manner in which 
cold acts and what other factors are involved. Buff on4 
(1749) and Lacepde'd5 (1 829) thought that the blood 
simply becomes cold when the small amount of heat pro- 
duced by hibernating animals is not aided by the sur- 
rounding temperature. The cold blood then produces the 
changes characteristic of torpidity. Spallanzani3 (1787), 
however, considered that lie had experimentally demon- 
strated that the cold acts on the solid tissues of the body 
and not on the blood. According to him the lethargy is 
due either to the stiffening of the muscles or to the deple- 
tion of the, cerebral blood vessels. On the other hand, 
Aliberti maintained that the cold diverts the blood from 
the periphery to the vessels of the brain and the resulting 
congestion. causes torpor. But Serbellonis (1866) claims 
to have found the vessels of the brain nearly empty in the 
case of three marmots in full hibernation. iHunter9 (1775) 
and Serbelloni explained that the cold causes the animal 
to lose its appetite and in the absence of liunger, which is 
a stimi-ulus, the animal retires. 

A long list of authors, Daubenton"0 (1760), Geoffroy,1 
Cleghlorn,12 Allemand,13 Carlisle14 (1805), Barkow'5 
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(1846) and others, have emphasized also the necessitty of 
confined air or diminished respiration, Cleg1horn and 
Allemantmd maintaining that this is the principal cause. 
Reeve'16 (1809) said that such a condition favors winter- 
sleep, while Bert17 (1868) first concluded that lack of 
oxygen and thenr later's (1873) that the accumul.uation of 
CO2 in the surrounding air might be the cause of dor- 
miIaney. Alangili'9 (1807), however, denied that vitiated 
air has anything to do with this torpid state and DUblois20 
(1896) say-s that confined air is not necessary, for animals 
hibernate perfectly in well-ventilated places. 

Marshall Hall2' (183.2) believed that the cold caused 
ordinary sleep, which diminishes respiration, and less 
heat is produced. Lessened respiration causes the -blood 
to lose its arterial character and hence its power to stimn- 
ulate the heart. The heart, however, changes its irrita- 
bility, so that it does not stop. This change in the irri- 
talbility of the heart, theen, is the important factor in 
hibernation. To him winter-sleep is something entirely- 
different from tlhe torpor produced by cold. To Edwards22 
(1824) and Legallois233 (18-24) sleep and cold are so bound 
up with heat production that a failure to keep up the body 
temperature causes torpidity to ensue. 

Throughout the literature of the last one hundrecl years 
there is a strong tendency to consider hibernation as dif- 
fering from ordinary daily sleep only in degree. Ed- 
wards22 (1824), Duge2 (:1838), Hall21 (1832), Blaildet25 
(1864), Patrizi6 (1894), Dubois2 (1896, 1910), Brunelli25 
(1902'), Claparzde29 (1905), Allen Cleghorn60 (1910) and 
Salmon31 (1910) make definite statements regarding the 
striking similarity between ordinary daily sleep and 
hibernation. Gemelli22 (1906) used the facts obtained by 
himn from hibernating marmuots, in disproving Salmon's 
theory of sleep. Indeed, it has been the hope of muany of 
the students of hibernation to be able to throw sonle light 
on the process of diurnal sleep in mian and other animals, 
by a study of what they have considered to be merely an 
extreme example of this physiological condition. The 
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discussions on sleep that appeared in the British M1edical 
Journal in 1913 and the comprehensive treatise by 
Pieron33 (1913) on the physiological problem of sleep, 
clearly indicate how little has been accomplished in this 
direction. Buffon4 (1749), on the other hand, thought 
that ordinary sleep and hibernation were something en- 
tirely different. Monti34 (1905) even now believes that 
these two forms of sleep have entirely different physio- 
logical meanings and that hibernation in its phylogenetic 
study should be compared with the dormancy of lower 
forms, as well as with ordinary sleep. 

In reply to the question asked by the French Academy 
of Science over a hundred years ago as to the cause of 
this lethargy and why it pertains to certain animals, 
Saissya (1808) stated that the cause fundamentally is to 
be found in certain anatomical peculiarities such as the 
enlarged character of the heart central blood vessels, 
thorax, abdomen and cutaneous nerves, and the smallness 
of the peripheral vessels and lnngs. To these he also 
added as important features the liquid quality of the 
blood and the sweetness of the bile. The diversion of the 
blood from the surface towards the center of the body, as 
a result of the external cold, dilates the heart and blood 
vessels of the thorax, and this interferes with respiration, 
thus decreasing heat production. As a consequence the 
animal becomes cold and numb. Prunelle36 (1811), Bar- 
kow'5 (1846), Serbellonis (1866) and Blandet25 (1864) 
similarly believed in the importance of such-largely 
imaginary-morphological feature s. 

Many investigators have associated hibernation with 
the nervous system. Claude Bernard37 (1855-76) thought 
that the cold acts on an unusually well developed periph- 
eral nervous system, and by slowing respiration cools the 
body. This is a loss of stimulus to the heart and muscles 
and torpor results. Reeve'6 (1809) stated that cold acts 
on a special organization of the nervous system, which 
causes diminished respiration, etc.; while Quincke38 
(1882) interprets the facts he and others have observed, 



No. 598] THEORIES OF HIBERNATION 613 

in connection with the mnarmot, as indicating the existence 
of a heat center in the brain through whose influence on 
the various organs of the body, metabolism and heat regu- 
lation are so affected as to produce winter-sleep. The 
altered respiration and circulation are secondary results. 
Dutt&o9 (1896) is also inclined to believe that hibernation 
strictly depends upon the regulative influence of the nerv- 
ous system upon metabolism and thermogenesis. He 
further considers that the marmot has the power to emit 
more heat than has the rabbit, so that torpor may be 
based upon the difference in the power of the integuments 
of hibernating and non-hibernating animals to lose, heat. 
M\Ierzbacher40 (1904), after reviewing much of the liter- 
ature dealing particularly with the role of the external 
temperature, food and the nervous system in the pro-duc- 
tion of winter-sleep, concludes that the external cold is 
only a. secondary aid. Cold, like' abstinence from food, 
immobility, slower respiration and lack of oxygen, simply 
makes it easier for the animal to cool off and remain cold, 
and tends to make the sleep more profound. The essen- 
tial characteristic of the hibernating animal, as compared 
with the non-hibernating animal, according to him, is its 
ability to change at a rather de-finite period and in a com- 
pairatively short time from the. homnoiothermnal to the 
poikilothermal type and again at the end of hibernation 
to return rather abruptly to the former condition. The 
explanation of both of 'these alterations, he thinks, is prob- 
ably to be found in a certain nervous mechanism in the 
mid-brain and medulla which is capable of influencing res- 
piration, circulation and metabolism, and, in short, the 
production and loss of heat. The other changes charac- 
teristic of the lethargy are natural consequences of and 
adaptations to the hypothermic and hypofunetional con- 
dition. 

In addition to other internal factors there is, accord- 
ing 'to Barkowl 5 (1846), a 'special susceptibility to the ex- 
ternal cold due to a rather primitive organization of hi- 
bernating animals. Noe4' (1903) thinks that a. primitive 
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structure of the organism is the important cause of the 
lethargy; but it acts as a mnechanism. of economy by in- 
creasing the resistance of the animal to cold, rather than 
to starvation, and tlus prevents histolysis from reaching 
a, dangerous point. An inefficient heat-regulating mech- 
anism has been considered the true explanation of winter- 
sleep by such men as Duges24 (1838), N1lares42 (1889), anld 
Polimantti43 '(1904). SiMpson4'4 (1911) in this laboratory 
has shown that the woodchuck can not be said to ever 
have a normal temperature in the sense that a homoio- 
thermal animal has. Merzbacher40 (1904) cites many 
cases similarly indicating the weak thermogenic organi- 
zation among' winter-sleepers. Recently Polimianti45 
(1914) has explained his views concerning this labile 
thermogenic organization. To him it is clue to the fact 
that at some remote period all animals then existing 
periodically fell into lethargy. With evolutionary de- 
velopment most mammals and all birds lost this ability. 
Hibernating animals, however, are still able to return to 
this cold-blooded type when the heat-producing reflexes 
fail, which they are apt to do when the cold becomes ex- 
treme. Mares46 (1913) holds fundamentally this same 
v iew- a view lie advanced in 1889. He says that the 
cause of hibernation is in the organism itself. He re- 
gards the facts presented by Pembrey4 and Baba 48 and 
others concerning the poor heat-regulating mechanism of 
the newborn in man and other animals, as well as those by 
M\Ierzbeacher49 on the return of the nervous system to a 
more segmental type during winter-sleep, as strong evi- 
dence in favor of the theory, and as indicating that hiber- 
natinag animals merely revert to a. more primitive type in 
which there is no specific sensibility to the outer cold, i. e., 
in which no specific heat-regulating reflexes are called 
forth by the external temperature. He furi-ther thinks 
that since the weakness is in the nervous system, it ought 
to be possible to bring about some of the conditions of 
torpor by means of hypnotic suggestions. He and Hel- 
lich5Q (1889) succeeded by this means in getting a fall of 
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2.5? C. in the body temperature of a hysterical woman. 
Others have gone much farther iii this regard. Thus 
Lie'beault5l (1866) and Forel59 (1877), especially the latter, 
consider hibernation similar in nature to lhypnotic sleep. 
To Mares, however, the initial cause of winter-sleep is the 
ability of the nervous system to loose its specific sensitive- 
ness to the external cold. This sensitiveness, he, thinks, 
does not belong to the funclamnental properties of the 
nervous system, since it is not found. in the young unde- 
velloped animal. It is a property acquired slowly onto- 
genetically just as it was slowly acquired phylogenetically 
by the two highest classes of animals. A similarity be- 
tween the hibernating and fetal states was noted long- ago 
byKlPallass 3 ( :1778 ), Prunel]e86 ( 1811 ), Tiederm1ann54 ( 1815 ) 
and E~dward~s22 (1824). Tiedermnain claimed that in both 
states there is merely a vegetative existence, hardly any 
appreciable difference between the appearance of the 
venous and arterial blood, much serum and little clot 
when the blood coagulates, a low body temperature, an 
enlarged thymus (lie included the hibernating gland as 
part of the thllnus) containing a fluid, and a, secretion of 
bile. Ile therefore conisiclered lwinter-sleep as a periodic 
return to a, fetal state. Pemnbrey and Hale White55 
(1896) regard the evolution of hibernation, not as the 
acquisition of a new power, but as a retention of :one al- 
ready present, as is evident from the condition of young 
mammals and birds in whllom the heat-regulating power 
is inefficient. 

Many observers have questioned the value of cold as a 
factor in the production of this dormant sta-te. Quincke38 
(1882) thought that rest and an appropriate temperature 
generally, though not always, cause torpor, and yet lie 
said that there seems to be some relationship between 
degrees of lethargy and external temperature. Blandet25 
(1864) considered that winter was only occasionally, if at 
all, the cause; while Horvatli56 (187_-3 1), withi whom 
Bunge57 (1901) seems to agree, said that hibernation is 
not sleep a.t all and that winter has nothing' to do with it. 
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Hahn58 (1914) concludes that the torpid condition is not 
dependent upon cold weat-her, although his thirteen-lined 
ground squirrel usually hibernated with each cold spell 
and woke up with the return of warm weather. Experi- 
mentally it was early shown that cold will not induce 
typical lethargy. Thus Buffon4 (1749) in the case of the 
hedgehog, Daubenton59 in the hamster, Hunter9 (1775) 
in the dormouse, Mangili"9 (1807) and Bossi69 in the mar- 
m:ot, Horvath56 in the spermophile and hedgehog and 
Mares42 (1892) in the spermophile, have failed to induce 
true hibernation by exposure of the animal to low temper- 
atures. Saissy35 (1808) is supposed to have produced 
winter-sleep by continued cold and confined air; but like 
some other reported cases of artificially produced torpor, 
it is not clear that the experimentally produced state was 
the same as true hibernation. Sacc61 (1858) after eight 
years of observation on the marmot could see no relation- 
ship between the condition of the atmosphere and winter- 
sleep. Mills62 (1892) found that while bats could be 
worked like a machine by varying the temperature, mar- 
mots, on the contrary, showed a surprising indifference 
to the surrounding temperature. Berthold63 (1837) 
claims that dormice became dormant, in a room kept warm 
(160 C.) all winter, though torpidity was delayed two 
months. Merzbacher&i (1904) mentions similar experi- 
ences of his own with a bat, as well as several other com- 
parable cases. Mangili"9 (1818) saw a dormouse fall into 
lethargy in the month of June and not wake up till the 
middle of July. Forel52 (1887) records that two dormice 
which remained awake and active all winter, became tor- 
pid in May and remained in this condition till August in 
spite of the great heat. Mares42 (1892) found that some 
spermophbiles andb hamsters may hibernate in September 
at 160 C. while others remain awake all winter although 
the thermometer falls below zero. Hence he concluded 
that cold does not cause winter-sleep. Valentine64 (1857), 
Horvathl56 (1881) and Quincke38 (1882) have observed 
marmots become, dormant during the summer. Hence 
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Pembrey65 (1898), while recognizing that want of food 
and cold seem to be the most important factors in. hiber- 
nation, says that some other condition yet unknown is 
necessary to explain such lethargy during the summer. 

As a result of the uncertain action of cold, certain other 
external conditions have been considered the real excit- 
ing cause of hibernation. The food factor was empha- 
sized by Mangili'9 (1807), who believed that neither cold 
nor vitiated air has anything to do with the production 
of this torpid state. He thought fasting was necessary 
because, of several animals under the same external con- 
ditions, those animals that were fed did not become dor- 
mant, while the non-fed ones did. Marshall Hall21 (1832) 
stated that the lack of food predisposes the animal to 
torpor by rendering it more susceptible to cold. Sacc61 
(1858) concluded that, while he could see no relationship 
between the atmosphere and torpidity, he could see some 
connection between the fatness of the animal and the 
length and profoundness of winter-sleep. He, therefore, 
concluded that obesity, in connection with fatigue, is the 
cause of hibernation. Claparede29 (1905) and Forel52 
(1887) think that the amount of fat may be an important 
factor, while Beretta66 (1902) opposes this idea. Simp- 
son67 (1912) finds that feeding woodchucks greatly inter- 
feres with winter-sleep, at least in captivity. Albini68 
(1901) in case of the marmot, and Reeve16 (1809) in con- 
nection with dormice and hedgehogs, also confirm the ob- 
servation of Mangili on the role of food in preventing 
hibernation. Yet it appears that these animals (mar- 
mots) may go into winter sleep while plenty of food is 
available. Thus Mills62 (1892) found that during the 
winter of 1890-91 a marmot hibernated in a cage provided 
at all times with plenty of food; but during the two fol- 
lowing winters two other marmots, kept in the same room 
and in the same cage under similar conditions, did not 
hibernate at all, though the temperature got low enough 
to freeze the water in the cage. It is also a common ob- 
servation that some of these animals naturally retire 
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while food is plentiful. Allen Cleghorn30 (1910) ques- 
tions the lack of food as a factor in producing lethargy 
because spermuophiles and marmots hide away for winter 
when their food supply is at its best. In British Colum- 
bia lhe finds that these animals retire a month earlier in 
the lowland than at the timber line because, he thinks, in 
the latter region they have not had time to acquire enough 
fat, since at the timber line they come out of hibernation 
later in the spring. Thus it is not clear exactly what part 
food plays in the production of this dormant state. 

Treviranus69 (1802) said that the cause of torpidity 
during winter lies in the ability to live with all the vital 
processes at a minimum. This is an. acquired character 
resulting from the habit of sleeping during winter, as is 
evident, lie thought, from the fact that it is lost in mar- 
mots kept in captivity. The earlier opinion of Barton70 
(1799) was that it is an accidental circumstance and not 
a specific character. The general idea, however, that 
some sort of instinct, in connection with other factors, is 
involved, was held by Reeve16 (1803), Barkow15 (1846), 
Claparede29 (1905) and others. Desjardine71 (1843) 
thought that the need for sleep in rodents is as great as the 
necessity of migration in birds. Blandet25 (1864) de- 
scribed winter-sleep as a relic-an echo from remote 
periods when this phenomenon was general, having de- 
veloped as a result of winters so severe that 'unless this 
conserving process was resorted to, the animals would 
have perished. Hibernation is thus, according' to this 
author, the effect of habit and annual periodicity. It still 
persists in certain animals, but will soon become extinct. 
Br-unelli2S (190'2) believes that this tendency is the result 
of a long period of evolution favored by the nature of the 
burrow, etc., where hibernation takes place. But accord- 
ing to Albini68 (1894) the factors aiding this evolution are 
not remoteness or other conditions of the burrow, but the 
immobility of the animal. Carlier 2 more recently (1911) 
classifies hibernation with estivation (summner-sleep) and 
migration. Winter-sleep ii. mammals like the instinct 
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of migration in birds, lie thinks, may have developed in 
remote ages, the prime cause being want of food, and not 
cold. 

Dubois73 (1895) has developed a car6-bon1ic auto-niarcosis 
theory according to which hibernation is due to the accu- 
mulation of C00 in the blood and tissues of the animal. 
This excess of CO is supposed to cause a. form of nar- 
cosis as seen in the torpid. condition of the hibernating 
animal. When the CO2 reaches a certain concentration 
the respiratory center is excited, respiration accelerated, 
and the muscles become hyper-irritable. These culminaat- 
ing results are responsible for the awakening from dor- 
mancy. The author claims that lie can induce typical 
hibernating sleep by causing the active marmot to breathe 
a mixture of air (42 per cent), CO2 (45 per cent) and 
oxygen (12 per cent). Torpid marmots remain dormant 
if supplied with this mixture. By increasing the propor- 
tion of C00, respiration is accelerated, and if the supplying 
of 00, is continued the hibernating, marmot, wakes up. 
The CO is supposed to act principally on a nervous 
center for sleep situated in the mid-brain, since marmots 
deprived of cerebral hemispheres are able to sleep and 
wake up; but with only the medulla intact they are un- 
able to awake. Further, Dub)oi.s74 (1894) found that CO 
actually accumulates in the blood during hibernation in 
the marmot and decreases again when the animal wakes 
up. Such an increase in the CO content of the blood 
during hibernation has just been observed in this labora- 
tory in case of the wooclcliclk (Mart ota moitax). 

Upon sufficiently good authority7 to receive the, serious 
consideration of such an author as Max Verworn,77 cer- 
tain ascetics of India, known as fakirs, are able to volun- 
tarily go into a condition of almost suspended animation 
not unlike hibernation in some respects. While in this 
couiclition it appears that these fakirs may be buried three 
or four feet in the ground for days, or may be inclosed for 
six weeks without food and with but little air in a tight 
box which in turn is sealed -up in some dark inner roon. 
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When disinterred the body is cold and stiff with no signs 
of any pulse, and apparently lifeless; but it revives with 
no bad after-effects upon the application of warm water 
to the head and after being manipulated for a quarter of 
an hour. Dubois emphasizes the fact that in order to 
induce this state of trance, the fakirs make it a. point, to 
breathe as little as possible. This and much. other in- 
direct evidence is brought forward by this author in sup- 
port of his carbonic auto-narcosis theory of hibernation. 

M\10S507S (1899) holds just the opposite view. He thinks 
that winter-sleep is due to a condition of acapnia, or lack 
of CO2 in the system. 

It is not strange that in this age of ductless glands and 
internal secretions some theory should be brought for- 
ward that would involve the ductless glands. In 1905 
Salmon79 advanced the view that the pituitary body (hy- 
pophysis cerebri) is a center for sleep and produces an 
internal secretion whic-h by virtue of some vasomotor or 
autotoxic power acts on the nervous system and thus pro- 
duces normal sleep. His view has been further elaborated 
in later publicationssO (1910) in which lie states that hi- 
bernation may be explained upon an analogous mechan- 
ism involving especially the so-called hibernating gland 
-a structure which has lately received renewed attention 
by physiologists. Salmon seems to favor the old idea 
that a depletion of the cerebral blood vessels offers the 
best explanation of the lethargy characteristic of the hi- 
bernating state. The role of the hibernating gland, how- 
ever, is very uncertain. This structure is now generally 
regarded as reserved food. Vignessl (1913), however, 
considers it probable that it plays some important physi- 
ologica~l role, particularly in hibernation, since its ex- 
tirpation in the white rat, where the operation is at- 
tended with little difficulty, is nearly always fatal. He 
finds that this structure modifies the action of certain 
toxic substances such as adrenalin, chloroform, tetanus 
toxin and cobra. venom, retarding the action of some and 
accelerating that of others. He further maintains that 
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this gland contains lipase, and while it does not convert 
starch to sugar, its extirpation diminishes the amyloptic 
power of the serum. It also has an ant-itryptic power. 
Thus he conceives that it might serve as an economizer 
of proteins by insuring the utilization of reserve carbo- 
hydrate and fats during the long period of winter-sleep. 

Salmon 's view on the role of the hypophysis cerebri in 
the production of sleep was soon criticized by Gemelli32 
(1906), who argued that if this hypothesis were correct, 
the pituitary body would show signs of increased activity 
during hibernation, since, as has already been stated, hi- 
bernation is considered by niany to differ from ordinary 
diurnal sleep only in degree and duration. But on the 
contrary, he found that the cyanophil cells of this gland 
in the marmot decreased during winter-sleep and that 
they increased again simultaneously with the appearance 
of numerous karyokinetic figures after the animal wakes 
up in the spring. Gemelli interpreted his findings as in- 
dicating that the anterior lobe of this organ cooperates 
with other ductless glands in neutralizing toxins which 
are produced in increased quantity when the animal be- 
comes active, and hence is not to be regarded as a center 
of sleep. A later contribution to the relationship be- 
tween 'the pituitary body and hibernation is by Cushing 
and Goetsch82 (1913). As a result of observations on the 
hypophysis of the woodchuck, in which they confirm in 
general the findings of Gemnelli on the decrease in size and 
histological changes during winter-sleep, these authors 
suggest 'that hibernation may be ascribed to a period of 
physiological inactivity, possibly of the entire ductless 
gland series, but certainly more especially of the pituitary 
gland, because during the dormant period this structure 
diminishes in size and shows profound histological 
changes and because deprivation of this gland in the 
human subject and in experimental animals causes a train 
of symptoms comparable to those of hibernation. Mann83 
(1916), however, found demonstrable changes in the 
pituitary body and other ductless glands of a large num- 
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ber of ground-squirrels ( Citellus tr'idecenidiiiieatus) to be 
absent or so inconstant, especially at the critical period- 
at the onset of hibernation that the assumption of any 
theory ascribing the phenomenon of hibernation to a lack 
of function of all or any one of the ductless glands is not 
justified. 

From this general summary it will be seen that great 
diversity of opinion prevails regarding the immediate 
cause of this extremely interesting condition, and of the 
sudden transformation from the homoiothermal to the 
poikilothermal state (and vice versa) so characteristic of 
hibernating mammals. It is not the author's object, 
however, to discusss the relative merits of the various 
theories. Suffice it to say that all of them are based upon 
insufficient data. To say which. of the various conditions 
associated or occurring simultaneously with winter-sleep 

are concerned with the production of the lethargy and 
which are the results of this or some other condition, is 
extremely difficult. Until certain causal relations are defi- 
nitely established between the factors concerned, many of 
these theories are of very little value except as a stimulus 
to further research. It is tlus very evident that we are far 
from having any adequate explanation of the mechanism 
of this phenomenon, to say nothing of how it was estab- 
lishech as a more or less variable character in certain 
animals. 

If hibernation of mammals is only an extreme form of 
ordinaryT diurnal sleep of man and other animals, it is 
especially to be hoped that this subject will continue to be 
investigated by more modern and adequate means, for no 
entirely satisfactory theory has yet been advanced to ex- 
plain the phyTsiological cause of ordinary sleep. Since 
winter-sleep may also be attended with total abstinence 
from food and drink for many months, the facts derived 
from a study of the various conditions associated with 
this dormant period are of interest also in connection with 
the subject of inanition in particular and metabolism in 
general, as is plainly indicated by the frequent reference 
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to and comparison with the observations on hibernating 
animals found in the literature on inanition. 
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